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Figure 1: Transition radiation by neutrino at an interface of two media
with refracive indexes ny and ns.

The conservation of momentum is a consequence of translational invari-
ance.
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Figure 2: Neutrino-photon coupling in electrons background.
(a,b) Z-y-mixing. (c,d) ”Penguin” diagram (only for v,).



Grigoriy Garibyan -armenian physicist, discoverer and developer of the
theory of X-ray transition radiation. He used both - classical electrody-
namics and quantum electrodynamics approaches to describe the phe-
nomena.
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Let us consider a neutrino crossing the interface between two media with
refraction indices nq and no (see fig. 1). In terms of the matrix element
M the transition radiation probability of the process v — v is

- 11 /d3p’ d°k
VY (2m)32EB, ) 2B 2w

2

oo ‘ ,
/dzez(pz _pz_kz)’z/\/l,/_)w

— 00

0(E — E' —w)d(p, + k)0 (P + ky) >

pols

p=(&p),r =(E,p) k= (vk), 3, =p,/E. The sum is over
photon polarizations.



We assume p? = 0 and E = |p|. After integration over dp’ and z
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B. = pl/E', 0 is the angle between the emitted photon and incoming
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neutrino. My, are matrix elements in each media.
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Formation zone length in each media
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In a media the photon refractive index is n = /€.
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Let us consider a neutrino crossing the interface between media with re-
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fraction indices n (n* = 1—-%) and vacuum.
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After integration over angle 6 we get
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here 0 >~ 5 for wyin = wp, 0 =~ —1 for wpin = 10w,

The energy deposition of the neutrino in the media due to the transition



radiation
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For MeV electronic neutrinos the transition radiation probability is about
W ~ 10739 and the energy deposit is about 1.4 - 1073* eV when they
cross the interface of the media with w, = 20 eV to vacuum.
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Figure 3: Energy spectrum of the NTR. £, =1 MeV and w, = 20 eV.
Logaritmical scale.



Summary
We calculate the transition radiation process v — v~ at the border of
two media.

The neutrinos are taken to be with only standard-model couplings and
we ignore the neutrino masses due to their negligible contribution.

The medium fulfills the dual purpose of inducing an effective neutrino-
photon vertex and of modifying the photon dispersion relation.

The process is kinematikally allowed. The violation of the translational
invariance at the direction from one media into another leads to the
momentum non conservation at the same direction.

We find that the probability of transition radiation is larger by three
orders of magnitude (medium induced neutrino-photon vertex) than pre-
vious calculations (vacuum induced vertex PL B435 (1998) 134).

The process may be important for the SuperNovae neutrinos.



